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I1S5 OnmlCfcttSlg^tttUT, 1. 0~ 

4. 5ps/nm/km<D*H&<i:. 7 0 tfm' W±<0*2fta 7»f® 
«t. 2nKD7T^ AftlCfcUTl 3 0 OvaSLkGHy 
b*7&&t* -tUT, 0. 0 5 — 0. 0 9ps/nmVkm 
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( 2 ) 



fc. 1. 5 5 Mmfc:&^<B«#3t*Gi&f 

-tOtS**®** 1 . 0~4. 5ps/nm/kmTJb5» 
WL£;0. 05~0. 09ps/nm'/km©^ 
D-7"t; 7 0 um x &>±<D$l%>a7&i&mt2m<Dy 
r-fAfilC^^T. 1 3 0 0 nmUUiCDrty h*7i£S 10 
£. Stt5»f->7h77-fA. 

Z>££h\Z. ffJIBf 7 <y Hffi«tt. WIBnffl937on^ 

ictaw ens fete wte^2©ja»T^«fcO ! bfi^Ji 
mm&m-rz z. £%&&£? zta&m 1 ?b«c<7>#«*->7 

h7r-f A*. 

[»#JS3] mE?5-vHi«lt 

ratcffittsn, jffigBif§2(Da$r45<fcO ! fe&^SfS3<DaST 20 

^**-r-5rt<B9^ 7 y H <h. iWKrtfflil* 7 '7 Frolic 

fatten. K»3(oa»f^J:Ofe^5v>m4wja»r^«rW 

5 y Fi£<tAfcCt£4$m<hT-5S8JjiJB2 
S3«W>*H8->7 H77-fX 
[13#JB4] ffitB*Ul!lu7<Dfl>&£2 btU MBl*i 

l<©^g(&2ctntt, 
1. 2^ (2 c/2 b) ^2. 2 

i3.zw&&miz-r z. t *«f« £t-*ts#JB 3 teeofl-ft 

5/7 h77-fA'. 

[$#Jg5] ffil2rt<M:3 7'<Dfl.&£2 aiU ffifB^ 30 
<BJ:J7©fl-&£2 btt^tf. 
0. 4£Ra (=2a/2b)^0. 8 
5 n 2b^l 4wm 

na>-j«82«oa-fBc -> 7 f 7 r -r a. 

[StJfcJB 6 ] 1512^7 7 H««XttWE^fl!l^ 5 y F 
eOT«Meftffla70!>tt:fH*r*£&A n, tU iffiiB 
i»77 Fffi#X«:iffiiBfl-<M*7>;/ Kfc**-r*fflB»*J«:J 

Ani-An^U 40 

tzzt&%*mizr z. t €4#a<t-r*is*s 2 ~ 4 © v»r 

tu&»-aB«o«-«5'7 F7 7^ A. 

[IBtlRJg 7 ] ffflffi* 9 y Ff8«Xttft<Bl* 5 > F Id** 
•T-588ffirt<ffl3 7©tt:H»r^MAn,«, -0. 4%&> 
£ t t-T48t*« 6 7 F 7 

7"f A. 

(SIjRJS 8 ] IftB A*%0«iTO Ae&ift&*HB£& 
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c: t *#&t-r*i!i#JS i ~ 7 ©^-rna>-JHE«©# 

ft->7 h77'f A. 

^9-*P,iU gEgJlt^- K0»t A <7 
P, > 1 . 2 X P, 

f&zm&Z&tiT Z £ ^#fSt-r-5l«*JB 8 B$£<7>#« 
->7 F7 7-fA. 

[iS#JS10] mSWS«i«UC»oT#t;fc=i7®« 

•5 it fete. 1. 5 5 Mm&g#CD«^7 l £££IB-f 5fc 
«6»#18->7 h77-fA-T6ot. 

ffiiiBfs^waja^:- \ t <D^t/^ r y—^^mx£tj. ; bi<L 

SUIB n 7 1C*3 5 S JS^E- F Wtt A 7 - £ P. 

P,>1. 2XP, 

ft S K#£SSfcT#18 -> 7 h 7 y -f A. 

[§»#* 1 1 1 lulSBff WSHs^e- F <Dft A 9 
^gTCirft-Sftfikt. HtfB3 7^«c*-D*^a73l6HC 
JttoTO. 5 /im~5 umMfflVT^ZZ. £&&&.£■? 
5i^S9Xttl 0tB«O^«S[->7h7r-1'A < , 

[89!<D««fllftt&9n 

[0 0 0 1] 

b, &\Z, (WDM: Wave length Division Mu 

ltiplexing) &j&\zVfmtt.ftm.'>y F7r-f «CH« 

[0 0 0 2] 

177-f Atfigfflsnfcftsfflv'X^ATte, a«fflm 

fJtttTl. 3 MmffiS^^fcttl • 5 5 umifig^ 

(»yti)mmznz>z.£ti<&t)^it. frtzL. gifiT«e 

g^OJtOfieffl^iib^^**. r-5Lfel. 55(im 

-i A* (£tT, 1. 5 5/imffl-»W-W77-f A 
Ttt. 1. 5 5 Mmftfi^«3tt-»-r*. 

(fcgic£-3Ttt©e»3^a<&fc*&&A;u 

(■tfa»««fil. 5 5 (im«)»8i->7 h77-f /N*) . 

ro«t5ft»»->7 h7r'f Atux, ey^-fcmiws 

- 1 8 1 6 l^^Ctt, 3T««*^<H9a7t. Krt 

s«B£snfc, x3.7^->x<y3 7«jjtoa»T^7"a 
y-r-i )i&m-rz>#m>y hyr-f^m^tstix^ 

-6. Sfc. 4* Hre 6 3-4 3 1 07#4i«^BI¥2- 



t 3 ) 

14170 4#^«uc«. *7<y vmmfift&iryv h 
7^->x-r ya rwitwa^y □ 7 r -r jvght 

»y7h77-f/l rv.A.Bhagavatula et a 

1., OFC'95 TechnicalDigest. Paper ThHl, 1995J 
rp.Nouchi et al.. ECOC'96. Paper MoB. 3. 2. 1996J (C 

[0 0 0 3] Sfc. ifi^tt. &fi#t«#S (WDM) £ 10 

0$M¥7 - 1 6 8 0 4 6#4>«. 3KBmtF*^iB'5 4 
8 3 6 1 2#&$R) . ft*. BSft 

(FWM : four-wave mixing) , gS&ffl^PI 
(S PM : self-phase modulation) , 1S5(£4B£g8 20 
(XPM : cross-phase modulation) fS. 

[0 0 0 4] -7j. 4$l8¥8-2 4 8 2 5 1 ^ii^lC 
«, 3t77< A1C7C€? ftM 7- ©ft**ASt S tltc t%\Z 

7< mt, Si2&:3 7l$r®«A,, ( *ift7 0//m'«tDt.^ 30 
S<t4J;5«lrSnfcHfr*^n77'fM*t4. 
[0 0 0 5] ft*5. HSSS3 7»rH«[A.,,«. 4*W¥8 
-2 48 2 5 l#&$Bl;:^3n;fc«fc-3tC, UTF© (1) 

en*. 

[0 0 0 6] 

[0 0 0 7] jfcfc. »*^n-^4»r3eo*ft»«K*i 
[0 0 0 8] 

[$S9l>W&¥fcLJ:5i:-f-5SiUS] HRfc. 2i5Hia7SrSi 
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[0 0 0 9] lfc*^T, JlfKDilSSfklC^^^OK 

tj<bs $ n * . 

[0 0 10] £<DftW\t±t£<D£oft.&m&mVt-? zfc 
[0 0 11] 

fc. 1. 5 5<imM«OM3IE (-t©«f «C>*S«« 1 • 
5 5 Mmi£fi?rc&£ 1 5 0 0 nm~ 1 6 0 0 nrri©*5 

/ttt. 1 . 5 5/jmMiOl«-fca* 

(1 5 5 0 nm) 4>6«i([M!*6l»ttftil[ftW:->7 

h£nx<^5. 

[0 0 12] »C. CO«fltff«»*i'7h77'f/t 
tt, 1. 5 5 tfm&£$<£if)<L>&£ (1 5 5 0 nm) IC 
i5lt*Sg#tttbX, 1. 0~ 

4. 5ps/nm/km-C^»ll[i, 0. 0 5~0. 
0 9 p s/nm*/km©»«St7>D-yt, 7 0/im'y 
±©*»37WiB«[<!:. *bT. 2m©7 ?"f /*«K43 
l/^X. 1 3 0 0 nmKJl±W*7 ht7$S<!:$t1"?>u 

[0 0 13] Kfi*fie2ISrfT-3fc«i:€r, «■« 

X n— y^/jN* ^ trajt^S-S-^^L^t* < &*fc 
», «W«iW { **<IA/"Cl/S'5. j£1C. ttBtX 

[0 0 14] JMMf 6a*»*M>*S*fcUT»fc*Jt.fc:J: 
txtf. ifcfi 1 5 5 0 nmH*v»X. #l&©*S2*«a< 1 . 
0~4. 5 p s/nm/kmTSD, HXS^7»r®S[* t 
7 0tfm'W±©a^ »«^n-y«»0. 05~0. 
0 9 p s/nm'/kmT&^xt:. fie»iS2l«::*&o 

[0 0 15] SSlc. £©5gW::€&*#«->7h7 7-f 
/VCtt, ±E37flWtt]Bft. »l©B«^*W-r-6rt<B5n 

7t, imm-3T<»nmzwL»z>n. ^i©a«T^«to 




( 4 ) 



£tt. ^Ky7h7 7-fAlt U>ftt:3 7«tig© 
fBSr^^D 7 7 -f * -> > H ft 7 7 -f A 

[0 0 16] X3.7;i/->x-f 737®&$>Z>Wt 

A.,, = k • « • (MFD/2) ' 

CCT. k :*SIE&R 

^^•r-SClt*^^^*. &*5. H3S^7»f®«A 10 
.,,«±IB (1) 5£K:<fc9-5-*S:tta. 
[0017] •J>y«37«|jg©Jl«T^7'n7r'f;u* 

n<W3l7©^gt<Dlt*-S«C«^^t?a7g (*Uffl3l 
-75. 3 7«rt<»-5fIff;*:#meH-TMi, 3 7SOltttl 

»c#^xn«i3 7»fH«A«,,ttJian-rs. cma. u 
>y*en7«ii©ja»f^7 r D7T'f jh&w-t 7 20 

7ga< 2 -p??ft-r 5 ci £ £&9*-r-5. 

[0 0 18] TOC D^ttZ^fltigCDBifr^TD? 

ona£^fia37ons£©jt*-^ic«-6-po37S 

(n«837©ng) ££{fcS-fr*£, M^D-yfeS? 
ii^lCfcDTllS&Zi 7BrW«A. f , *<«'>-r* £ £ 
*£^«gB-Ctt, 37«©li;ttc&i;T#l$&rJ7®r®S[ 30 

a, , , ttie*-rs*<. n-yttastc&Mirs. c 

»->7h7 7-fATtt, Hg&3 7»r®«A,,,CDJi^:IC 
JEDT, »«XD-^*t<g«T-53 7g<D@«^#fiE-r 
£££*jf"*-r*. 
[0 0 1 9] £t±© J:0;*;£<fc-5«fc'5$rai 
$nfc*S&n7WriS«A.,,*«-r*t<!:felc. «fc0/h 

[0 0 2 0] 5l^37WffifSA, , , ftBf JEO 40 

6»fHO»«X D-rM^jgaS^r * 31 £ « WfigT 
£&£. 

[0 0 2 1] 3 U>ytt37«jg©H*f^^D7 
7-fM*n»»->7h7 7'f AlCfc^T. 3 7S*< 
*SV>ttHTtt. n7g©«D0K#r>T^K!:3 7»rffi« 
A.,,fttfMFD©jR#J&*»4>-r*. — 7j, 37S*«* 
*effi*frv>«HTtt. 37&©Jii0lC#^T. MFD 
*t«4>Lco. H3»a7WrSaA.,,*tiitti-rs. fc SO 
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S&n 70rE« A, , , < /i-5 C £#» &nTt>« 

HEMC*- H7*-fl'Ff6 (MFD) 
4. d©^£«. WAtf. 4$Bl¥8-2 2 0 3 6 2*ttt 
ttlcMwStiT^S^-SlC. £%=i7ffiBfllA.,, £M 
FDiOffl T, 

•• (2) 

43. n7g (*tffi«3 7©*1-g) te. AMri7a>ft&&41- 

«£. MFD*VJnS<, jj^-p. *y h*7jSfi**fiVi« 
£*. tttf»***/hS<£*©T. ^©S&a^te. 317 

[0 0 2 2] A^ntcjemr&ottAtcjina. ±»© 

14. rtffifln7©fl-g£2 a£U »i370n«*2b 

0. 4^Ra (=2a/2b) SO. 8 
5 /im^ 2 1 4 /zm 

[0 0 2 3] Sfc. SiM->7h77-fAll -tie? 
?v Hff*k:tt?'&ftffl3 70JtB1fi4&€An,-£- 
U h*ffi&t£2rf Srtm:37©itJSSr4SM«:A n 

, £T£££. 

A n, - A n, S 1 % 

7 -f a7««rt©S73lfiJ©B«f^^ r a7 

r-r;nc*v>T, a7«f'ij'«WK«a-r*ia*«woia 

»S (An, -An,) +#fc#*tl* 

2 a t^lBn 70^22 b tOMfttt. tfcBJr^S 
An,. An.WfiSlCte&^Lfc^. 
[0 0 2 4] S SIC, H®«lC»-TSl*i{Bi|3 7© 

H:B«r*tfAn.&/JvS< (A©*6*Hi£*£K) t5 

oT. ®EfS©^e2l&#«-r2>£. 2m077<rtft 
iCfctt&rt h^-^&S* 1 5 5 0 nm«TIC-r2)fc 
An,«-0. 4XOTT*5^S*<*5. 
[0 0 2 5] ±E^7 7HI«lt 

(«T. Tyf K«jg£^5) £-r-5C£t>Bl 

(na?=J7©BSf^) .fcofceir^swaflfsssw-r* 

3 ©B#r^<fc 0 >b»^» 4 ©BSf^SrWTS^-ffllli' 9 y 
H£T«fi!cUT*><k^. f^t)^, SK»«->7h7r 
-fnoSSr$7"o77'fM, f-f^Wh^^yH' 
»J>^ttzi7«ja (2««ig) OiKf*7"D77'fJl'i: 

[0 0 2 6] C©£S. r-f^UX?57 K<8jg©B$T 



7 




$57o:7y-i';U£ : rf*#-m->7 h7r-f A'«. CD** 
«■*■*#«-> 7 h7 7-f/tfcJt»*LT, ^8:2**- 

ffijg<oa^r^7"D7r-f ;u»c^v»T. taws-n^c!]*© 

tl K©&7j|6]©JP* (c-b) lc*MS) 

J»-f€<5t§£ (2 c/2 b*U Ci&-3<«£) . **l> 

(2 c/2 b*t**<fcDa#fc«£) 10 

conS* 2 b tU, h'Oit-S* 2 c fcfSfc 

1. 2^(2 c/2 b) ^2. 2 

[0 0 2 7J *fc. f^rUXhi'5yH- l J>i'*3 20 

A'lCfcUTli, ±12 A n, ttfttt??? HC»-r*n« 
aTCDtfcJSSf^MT&O, ±EAn,»in«^9s» Hfc 
#-r«MRI=i70)JtfB*T*£T&&. ttHSr 

i>77(«- >J>y*3 7«IJS) Oi»f*7"D7r'f JHfe 
#T<5*H8->7 h77-f /XtttttUT. f©*7h*7 

[0 0 2 8] Jfcfc, ±EttW8-24 8 2 5 1§4, v * 30 

^j<D^«S*S«fUfcSS^3 7»rffiSlA. , , SitTcf 

d©«fc-5l::#;A"7— #fljK*5W--5*8gB#£j£ 

(rtffl5ZJ7) OftffllCgUe-fejrjOh <ftflf=l7) 

[0 0 2 9] ££3**. ±9& (2) 3d>&<b9i&#>&:J: 40 
■5K, ±ifi(D^3.7;i'->x'f7'3 7«jg**^ttX'< 7* 
^^77^ xa.7;P->x'f 7"a7«l3i«)B*t^7" 
P,>1. 2XP, 

[0 0 3 5] dniCiO. StttMRS^h^r'T'tOM 
[0036] fc*3, d©«9JtCfi%*$Mft->7 /X 50 
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□ 77-fM ; lft4»fi->7h77<Am H3Sn7 
8rS«A,,,€:;*;£<-f<5£. BP»C*- F7^-;UK 
g (MFD) t>^g<6?Tl/$0. 
[0 0 3 0] W±wa*lC<fc0. ^a7lirI«A„, 
*i£7cT2>«l:'5K:ti-^nfc±ie^M¥8 - 2 4 8 2 5 1 
^4Mi©3fc:7 r-f 'tfcfc^Ttt. ttft&=i7WiBllA 
, (( cot£>*C«-#-3 TV-f d7 P 'O H V ? □ ^ > 

[00 3 1] f^t, Z<DftW\Z&ZftWL~>yh7T'1 
Ate. M F D©«*/J>3 < *8 

©«s*J»*Wic«i«!l-r*fc»i>. *ft<t"b'J>^tt3 

78tig©B*T^7"D 77'fMWL> dWHtifilCfctK 

[0 0 3 2] )4t5, •J>ytt3 7«it©HJT^7 r D7r 
/jMSt*£. U >^#37eSjSTteft^B#T3S7"D7 7< 

■*-&*>■&. U>f«3 7«ifiOlB«T*7 , n 7 r-f ^ 

Sft5)t7 7'fAT*tiTfc. (*J<M:n 7 ©*-&#*£ 
^t. {I#3t©Sj£^-F©ftA'7--#;fc& ; 5V^ittBB 

##;ma<g*<fcft£gB{£a<. a 7 ««© -a 

*7 , D77'fWltllJ«t»l:tt«llShJiK 
[0 0 3 3] JWtt&IC. £©5SEK:ifc*#«->7 h77 

STjISHCO. 5(im~5/imiKl!IHILTV^. 
[0 0 3 4] C6>«£. J^T© (3) aoftftettfc? 
:tit, U>ytt3 7*JSoa«*^o7r-f;U©»* 

kH#-5«8BJ*©3ft£*P. RnTfiloWS 
&7J|6]©, K03t^r7-»**aif> 

- (3) 

±12 1 . 5 5 Mmffifi^lC*5tt-5 ( P'DKg (15 5 
Onm) ft<afiife&f*V*:<D#ftWiWi&tfz/7h1snrz 

»«->7h77-fAT»4. i©j;^jc, fs&^rmm 
a a. , , ©at* t*«-»iSEg©->7 f sefffl-r* cttc 

4Jt»il^lCJ:-5^#©*fl:*J:0ja*Wt«l« 
[0 0 3 7] 
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[0 0 3 8] (8 1 #iJ&JgS8) Bill 

fc«t-5IC. CW^«->7h7 7-f/nO0ti, 1. 5 5 
(trnKfif (1 5 0 0-1 6 0 0 nm) <D«^tt£ei8 

77-fAT*oT. fl.8*<2a. E#rS£n, £*rT -5 l*J 

<BQ37i i it. i^ffl37i 1 i ©ftraic&w-^n. 

•?-©fl.8#2b (-ffcfe-fc. 3 7M1 1 0©S=2 
b) . ®mmn, On,) SttsnfiPJl 12i. 

•tux. mnmoyi i 2<D^tc^:tt^n. jasr^n 

4n,= (n,' -n,') / (2 n,' 

Tj&ssns, h^«2 i otc*rr**MM3 7 i 

1 2<DttJB*t^An, *l. 5%. J7g (*HBQ37 
1 1 2<Dfl-S2 b) 4 9 urn. rt<M3 7 1 1 1©^S2 

(ps/n m/ k m) 
MXD-7" (ps/nm'/km) 
2£2&3 7»rE« (wm') 
MFD (Aim) 

2mgC*Jt7--5*-y (nm) 

[0 0 4 1] COffSttflTK. ±E*y h^SEfitt 
2510nm-CiO, 2m077-f AfitCi5l/>Tte 1 . 
5 5 MmffOWfttlCttUTi':' jWE- K©«Rj&«« 
PftT^fcua*. £tt*9h:t7tfcftU&&EJB*S£<ft 30 
9. 1 0 0 0 kmgStt^fcfi 

Dt>JS<ft*fc*, S!ffi±fia8tt£V> <-»«OHE-F 

©fc»a<«prc£*) . 

[0 0 4 2] H2te. a7g2 b (=*MM37 1 1 2© 
fl-8) *£<fc3ttfc«£<D^3 7»rE«A.,,&tPE 
— K7W-;i/HS (MFD) CD^kSr^-ry^^T* 
-5. fc*3. H2lC&vmt. tt;IB*r¥2An, = l. 5 
Ra (=a/b) =0. 6tUTVi-5. 

[0 0 4 3] 02*>e>. a7g2bAM«mKTT*2. 40 
*SBTtt. 3782 b<DliftJlCf#-r>TflSa=iT»r®«A 

..,&cntiFDaAtctt^r«. — 37g2b*M 

tfmiOfeTJf^lTIt 3782 bOitMDiCtf-s 
T. MFDtt«/>T-5*<*«l37»fHaA.,,ttiS»lCiS 

ffiaA.„t)4*3 782 b ** 2 "P^fiEr* 
•5. 

[0 0 4 4] H3tt. 3782 b££fl:;£l*fclg£<*>2 
1X1(07 7^ AtftTO* v ht7»fiA t Rt;»ISXn- 
7"©«fl:*wty57T?65. H3K*5V>Ttt. 50 
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, «n.) ^5^77 K««2 1 0 tmtU 
■5. ft*5. 37<S«1 1 Ott. ±E«<W37 1 1 ISO! 

n<B937i i 2Cj:o«»riEsnTv>*. asf^y 

[00 3 9] flT. ^»«->7h77'fA10 0 
IS, Ml 5 5 0nmlC*tt*IHWt4LT. ft-ftoffi 
1 . 0~4. 5 p s/nm/kmcOteHl*3fC. » 
^□-7"*«0. 0 5~0. 0 9 p s/nm'/km© 
MB AC *»3 7WifiSW*7<>Mirf«±te. -5-L 
T. 2m©77^/Wc*tt**v h:*?**** 1 3 0 

[0 0 4 0] J?jg&0iJ<i:LTtt. SST^n, =aSr*n, 
(?77 KB* 2 1 0lC**-r^l*Jffl93 7 1 1 lOJtHSf 

$gAn, = 0) tl/, 

) - (4) 

ai371 1 0®82 b iKDttR a (=a/b) SrO. 

6 iT-St. &fi 1 5 5 0 nmi:*^T. 

: -2. 2 8 
: 0.082 
: 7 8.2 
: 6. 2 
: 2 5 10 

itB#r*MAn, = 1 . 5%. Ra (=a/b) =0. 
6tLTV»4. 

[0 0 4 5] 03^<E>. 3782 bOitJMcPt^T*-;/ 

a XD-m 3782 bWifflHCttrj-C, 3782 
b£4jtma>«fl-?l2tt*l>U 4*im<3782b^7 
jtmQttB'rttJtftlU 3782 b>7 MmW«gHT« 
M^-T<& Z. £ jW6I2T£ 

[0 0 4 6] UfctfoT. B2&tfB3fti&. —IRK. 
*J»37KIB*A.iieBf«©«t"r*K:*!t-3T. 2 

[0 0 4 7] B4U. MXn- zr<D$Mt\Zft^ . 5G 
b p sTWk'y HKB*-(BER :bit error rate) <D 

6&»m#3t («f'L''S[fi= 1 5 5 7. 2 nm. ftfiHft 
= 0. 5 5nm) ©eaifc&Vvc. «t>«tiftfiT©»tj[<i 
= - 2 p s/nra/km, £3&3 7Wrffi«= 7 0 ^m' 
T, ^o-7(ps/nm'/km) SO. 0 3 

(04 (a) #88) .0.05 (04 (b) #Rg) . 
0.0 9 (04 (c) #B8) ,0.12 (04 (d) # 
fig) t^fllS-B-TV^. «H£*tJfe£fe'5#8i:>'7 

h7T-YA©e2&EfStt9 0 0 0 kmiU +'&>iftfi"C 
<DS8f*HS*«i:-f .40 0 kmJr<tlC»«t««ffl 
<T>%-77<il\ GISRlCtt. «t»&»fiT©fl'ttffi# 1 8 p 

s/nm/kmCl. 3 ((mP©-^^^- Kit? 
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y-f a) *«#Asntt^. 04th lattice 

[0 0 4 8] 0 511 ±IBQfii&lttWr-5fc«>©HTfe 

Q (d B) = 1 0 X 1 o g ( (v, - 

[0 0 4 9] ftfc. ftfcatlCfclATli. ±1200^21^81 
TBERAM O'WTT&ntf+tffttetrr&D. BE 
RT1 O 'fiiTttQfiiTl 5. 7dB«±l:fflSLTt» 
■5. 10 

[0 0 5 0] 04^?.»^«t^lC, ^SStXP-^WfiS^ 

Sf 14~1 6 t^-?tMfiiH«T^i^S< & 

* c t \z «k o < ft* c 1 1 i a&ft&ia 

[0 0 5 1] Ufcrt^T. «^3fctf>i£fi?S«T<DBER 20 

P,*=?5. 5XP,>1. 2XP, 
ht£K>. ±IB (3) 5£<Z>&tt£SlfcL-CV>*. 

[0 0 5 4] 07te. itMtfimmAn, = l. 5% (n, 
= n.) . Ra (=a/b) =0. 6 Oft? 7-f 

a,,, (=7 8 Mm') *m-rz\mmw7T'(n<Dm 

[0 0 5 5] 0 7»C^$tlfc«t^lC. JtK0!l0>3K7 7"T 
Att. fl-g (2 a) *U. 3 6 Mm. JSSf^n, Sr^f 30 
5ft(Sl37 Hit, Krt(W3T 19 1 O^lCtatt^) 
tl, fl-g (2b) #2. 2 6um (Tfcfc'S. 
190©g=2. 2 6 Mm) . HSf^n, On,) 

P,=P,<1. 2XP. 
tfcO. ±12 (3) lxTV>tt». 

[0 0 5 8] z.<o%yyi /^fc*»«#*^a— 
0. 12 6ps-/nm'/kmf*t). uO^T-fA" 
Tte±j£©#®fcBER£itfi£T#ftlA. 

[0 0 5 9] JE-ntf)*.. SlSs^- FW¥&7j|6H£*5tt* 

An, = (n,' - n,') / (2 n, 

-cjessn*. Ffimtctt-rsftMaT 1 120 

An,= (n, 1 -n,') / (2 n, 
TitKSns. F««lc*#-r*rtfi9:3 7 l l l» 

lti8r$HAn,$-0. 6X, 37g2b (n«37 
©nS) =6. 8 Mm. rt«37 1 1 1(0^82 ata 

(ps/nm/kra) 



&Jg©7'f/1^->lC*5ViT. SIS" 0" l"Ol><Dftm. 
S05¥^Ov.. 83 " 0" U^WttafleoeWIg 
o.. 1" U^WJt^SW^ISv,. Rt/li 

31" 1" U^KD^*OS«PdMa, t LT. 
v,) / (a, +o.) ) •• (5) 

R*(10-'JlTt)i5^n-7"«)IH 0. 05~ 
0. 0 9ps/nm'/km-CWrtW. 
[0 0 5 2] ±t5©«FSft^J©m^WSj£^E 
- FCD3tA"7-«-flJ«riS^-r-5fc«>CDBI-C*-5. 061: 

#1 i oa*.bfrz*mjjfa\zffifc.mm*ittMntt&m 

[0 0 5 3] -tLT. 3 7®«1 1 0<Dfp>blzm-fi>m 

ffiCDg^ffi* P, t u^^^-ic. 

- (6) 

TS^fll^T 19 2t, LT. &*UM^7 1 9 2(D9V 

#2 9 o<t*fii*.-5. 37ffi«i9 0ii ±ie 

rtflHnT 1 9 lRtfft(iln7 1 9 2TM$tiT^5. 
[0 0 5 6] 07fre>#5J:5K:. ItlWlOJIfi^y-fA 

©gist— »ffi3^,' 3 7ffi«il 9 0(D«f'D 

[0 0 5 7] -e-UT, 3 7ffi*£ 1 9 0<Dif £>lC*5tt£ff 
^(DgH^E-FOft/^-SP. tU S{f#^WS 

- (7) 

[0 0 6 0] ft*3. UU:©SI 1 «t*««)RWTIt. 

fiila71 1 lOBtfr^n, t^77H2 1 0©B#r$5n, 

(Dmrnmyoyr^Mt^ 08 (a) ic^snfcj:^ 
fc, ^<Da*T^yn7T-r;i'H. 08 (b) ic^nfc 

.fc'PtC. H$r2£n,<JB$T$5n,T&oT i fe<fcV>. 
[0 0 6 1] fi»J*.«, 0 8 (b) ©M->7h7 7-</'5 

') - (8) 

JtSSr^MAn.Srl. 196, 
•) •• (9) 

7 1 1 0©S2 btWJtRa (=a/b) =0. 6tt 
1 5 5 0 nm«C*JV4T. 

: - 2. 18 
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»«^D-y (P s/nm'/km) 

m^rmmm (Mm') 

MFD (Mm) 

2mgK*itt-57J > :/ h:f7&fi (nm) 

[0 0 6 2] CKDfiSJTH. 2m©7 7'f/tfiTO*^h 
t7»I*U 5 0 0 nmTfet). 1. 5 5 Mm#tf>fl^t 

[0 0 6 3] (SIS 2 Higjgai) H9li. CCDf£9HC&S 10 

1t£?\Z. ^t->7h7r^A2 0 0H 1. 5 5 
MmffiEg^Wfi^3tS:e»-r«.fc*©-»^ ; E:- Bft 

f-f7"U7H'7 7l { - , J> 
^ttn7«jiOJBSr^rD7T--f )V2 0 1 £Wf*. T 

Ott, n%2a, lff*n,«*T«rtll3712 1 

i. Krt<w^7 1 2 i <D9Ymizmi e>n. ^«2b cr 

37Sil2 0fflI=2b) . JSSf^n, (> 20 
n.) Sft5n(l37 12 2i:. fitfHIS37 12 2«> 
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0.086 
8 1.4 
7. 6 
15 0 0 

H2 2 1 t. H 2 2 

1 wnra«cR^&tl. JSSr^n, On,) £*rT**V<M 
F2 2 2&&tt*.Tt>5. CCIT. 37(1812 
Oli. ±Ertfll3 7 1 2 l&t/n«3 7 1 2 2IC«t0ffi 
(SSft. *LT. f5yH®«2 2 0tt ±El*l«f5 
H2 2 \*xmto9 5*j H2 2 2CJ:0i*«nTt> 
•5. JSJf^yD7T'r^2 0 ltt. @+©SL2 

[0 0 6 4] -tLT. 3M->7h77<A-2 0 0 
tt. ttftl 5 5 0 nm{C*5tt-5H#tttUT, »m«*6 
&<1A*1. 0~4. 5 p s/ nm/kmCjgi^l:. 
»SXD-7"*«0. 0 5~0. 09ps/nm' /km 
0D«eHrttC, ^3 7 O Mm' tt±T* 0 . 

*l/C. 2m©7 7'f/«l:*»S*y f>*7*ft#l 
3 0 0 nmttlCiSSSnTl'^. 

[0 0 6 5] J(?jifc0iJ«fcLTtt. HSf*n, =B#T*n, 
4U 



An,- (n.'-n, 1 ) / (2n,') - ( 1" 0) 

Tfilin*. Wii'5yF2 2 2lC»t6»ll371 2 2 OttB*r*£ A n, £ 1 . IX, 

An,= (n,'-n,') / <2n.') " (1 1> 



TSSSft?.. 5MMir5yF2 2 2lC*tt-*rtlll3 7'l 
2 l<Dtt©Sr^MAn,£-0. 4%. 3782b W- 
ffla712 2<D^g) £9jiin. |«j«3 7 1 2 1 <Dfl-g 
irtitfiS (ps/n m/ k m) 
SHfcXD— 7 (p s/nm'/km) 
Ji3&3 7»rffi« (Mm') 
MFD (wm) 

2mfiK*$H-5#>;/ h*7&ft (nm) 

[0 0 6 6] d©$?jgfc0!ITte. ±IB*7h*7i8El*« 
1 7 02nmT*D, 2m©7 r-f A*fifc*SUvrtt 1 . 
5 5 umW<Dmmt\ZttVTi'>tf)\' : £- K<Z>fiJ8*<# 

<ft5tS<a5fcroT»0, »1 0 0mW±«)E8ISr 
eitir-5«-&»Ctt. A-;ht7iSfi!5«flf)t©»fiiO 40 

[0 0 6 7] £©82#^lfcfl*ffi©<fc5ft7 J *:7VXh 
>5yH« «J>y«=i7l(IJfi«)IWff*^ , 0 7T-fJI'*# 

•e-fc«-&©^3 7»fS«A. , , R^M F D (D^flltt. 

h 7 r-f <D#l2&3 7BrE«A.,, <hfc 
[0 0 6 8] Sfc. H©»2^JS»8g«>«t^^7 : ^^'U 50 



2 a t37(S«il 2 0©82 btOtfcR a (=a/b) 
4 0. 6, rtfiil^^'y H 2 2 1 CDfl-82 c £ 1 8 Mm<h 
f-5 ffifi 1 5 5 0 nmtCtSl^T, 
-2.6 2 
0. 0 7 6 
8 0. 1 
6. 3 
17 0 2 

£Wn»fS->7 h77-f A*lc*i v^T. 3782 b 

2Mb, Tfrfr^ 0 3lC^£nfc£<fc<i:H&<E>*SlSj£^ 
T. l/fcibt. CI©«k5fc7Tft->7 h77-f 

fcfcoT, 2 0©S)i5»»^t3-7"lA^iIO»9 

[0 0 6 9] H^\Z, Z.<D%i2*-gteml&<0£.0l3- ; r'< 
7lsXh9 9y H • U>y«37MOBJf*7B77 

^oaMfcCJ:*. 5GbpsT?©BER©2ftH f 1 

h77-f/W«^t>. BER*U0-'KTtft4^ 
o— 0. 0 5~0. 09ps/nm' /kmT 
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10 0 7 0] hi o«. £<D&2&m&m<»tif-mteme> 

01 0»C*<*nfc<fc-5lC $g 1 ^iSJg58T<*>0 

6 tmmz. mmttv&tiLJj&izmmteWimiz&^x* 
miosis*- Hojt/^^-^^s*^^ 585 ^ 

P,^5. 3XP,>1. 2 X P ( 
.hftO. ±12 (3) 5£<£>&#£SifcLTV>S. 
[0 0 7 2] dOm2*Htfi^je»J:^^7 ; -<^^^H 

= 1. 1%. JtB0r^An,=- 0. 4%. Ra (= 
a/b) =0. 6OTJt7 7-f^T»^.T, 
->7 h7r-f /ttl^i;ilS!l3 7Wr®«A,,f (=8 0. 

[0073] *n«>*.. sat^-Hw^a^rsucfc^s 
[00743 ft*. K±©»2*»MB©R9iTtt, 

«371 2 l©B$T*n, H2 2 1 ©B»r 

$ n , t^-OBJT^^P^ r^)V\z-D^xmmVfc 
COaSf^^D^r'f-'Hi. 011 (a) \zm2ti 
B«*n,>Biff*n,i:T*;ii:*>WC* 
*. Sfc, :©ffl)T$^D77-f;Hi 011 (b) fc 30 
fii2t\1Z*5\Z, BSTSSn,<JatfriPn,«!:LT ! feJ;V>. 
[0 0 7 5] fcfc'U 01 in*snfcj:3fcy-f 

F*HS©B*r*:7n7T'ffl'fc*V»T. f£B#r 

g#l«]©JP*- (c-b) CMS) »l«B« 

^na^ft&HicKfcsnftmafcfftsft^. 

[0 0 7 6] Tftto-fe, ^-f^UX*?? F*ja©B*T 

An,= (n.'-n,') / (2n, 

4n,= (n.'-n,') / (2n, 
T£8£*V5. rt«*5*F2 2 2fc»T»rt«37 1 

4n,= (n,' -n,') / <2 n, 
-C£83n<5. fl-<B8* 77H2 2 2 K»T*rt«* 9 v 
H2 2 l©ttB*T$ s SAn,«:-0. 2096. H7&2 
b (JH837 1 2 2 €8»im. rt«3 71 2 1 

©*VS2at37««l 2 0©«2b£©ltRa (= a 
ftttffi (ps/nm/km) 



£. 3 7Sil 2 OO+'C^e^g^^^^Rtfc*^ 

(gnfcficfi c ens * nx ^ -s . 

[0 0 7 1] *l/T. 37«Wtl 2 0©1 J 'WC*tt4« 



- (1 2) 

#-r*»*->7h7r'f^tJt«l/T. ^Sft2^- 

£tcW5t!)T&-5. L^Lft**^ •r-fT'V* F 
*HB©B*r*?'o7r-OI<KJ3^T, Htt&nsna*© 
ti (rtflfl*?*;' F©&7jffl©JP#- (c-b) KttfEO W 

{2c/2b#lCiW<*ft) . 
ttffi-T**** (2 c/2 b#**<fc0ii*fc«S> 

h*5y F**©»*tt*&*' li fc v »- 

H«^ffli|a7l3»bTSSfti1-S*^^S^» 

0 ^^xhi^y F • <J >dftt3 7*JB©B*T* 

©*S€2 b tL F©*1-&£2 c it*i 

*. 

1. 2s£ (2 c/2 b) £2. 2 
ft5M^*SSfc-rri:3iW*U^. 

[0 0 7 7] 1D*.T, i©»WKl«*»*->7h7T-f 
Att. ±E^5vHi« (<6*V>«*HB!l*7y F) K» 
*-**UW37©tt:B»r>MSAn, t, *5vF»* (* 
*W4*H**9v F) K*rr*rt«l370itB»f*ftA 

n, t©R8t. 
A ni - A n, ^ 1 % 

[0 0 7 8] fftfcli. SK»«">7h77'f/W»« 

ttli. a7»*rt©«#ffl©B*f*^ D7:r ' fJ, ' fc4, '' > 
-An,) 

[0 0 7 9] «*.«. 0 11 (b) fC^^nfcBST^-7" 
□ 7 r -f JWft *»• -> 7 F 7 7 -f A-tcfe^T, 



40 



.) ••• (1 3) 

2 2<DifcB«T^MAn,Sr0. 9 7 96. 
• ) •• (1 4) 

2 1OltIWiAn,S;-0. 4 5 96. 
.) - (1 5) 

/b) *0. 6, n7<S«l 2 0<Dtt&2birt<BJ*? 
yH2210^M62cfc©lt <2c/2b) *2. 0t 
Tit. ifcfi 1 5 5 0 nml£43Wr. 

: - 1. 8 8 



!7 
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»«XD-7 (p s/nm'/km) 

m^rmmm (urn') 

MFD (um) 

2 mglC*5tf h*:7i&fi (nm) 



[0 0 8 0J *-LT. 



0.077 
8 3. 0 
7. 2 
14 7 3 

3 7S*£l 2 OWf-frKiitt-Sfl ffiOg^cMSrP. t Lfclial-. 
P.^3: 6XP„>1. 2XP, - (16) 

tfro. ±ie (3) se<z>*#£S!fcL<T^5. [0 0 8 1] $e>»c 

An,= (n.'-n, 1 ) / (2n,') - (1 7) 

TJgSSn-g). niW^7-yH2 2 2(C^T^^(W3 7 1 10 2 2 (DttJB&T^H A n, £ 0 . 90%. 

An,= (n,' -n,») / (2 n,') - (1 8) 

TJ£«Sn*. ftffl??? H2 2 2{C^T-5rtfflil3 7 1 2 1 (DttJSffi^M A n, £- 0 . 45%. 

4n,= (n.'-n,') / <2n,') - (1 9) 



T^«$n-5. 9 7 F 2 2 2 CWtftrtHi' 5 7 

H2 2 l©JtH&rgsgAn,£-0. 4 5%. 3712 
b (MM 3 7 1 2 2<Z)fl.g) £8. 3iim, [*i{Mn7 1 
2 l(Dft&2 atZlTffi$.\ 2 0©&2 b<h©JtRa 
#1811 ( p s / n m/ k m) 
»«^D-y (p s/nm'/km) 
aS»3 7«HI« (Mm 1 ) 
MFD (Mm) 

2mSlC*5tt^*-y h^-^i^S (nm) 

[0 0 8 2] -tUT. 3 2 0 CO+'^tCiJlt^fl 

P,i?3. 2XP,>1. 2XP, 
£fc9. ±13 (3) aofttt««fcl/Tlr»4. 
[0 0 8 3] 3e.tC, ?7yHI« (&Str>tt*ffl*? 
•y H) lC«-r<5rtfflil37©ItH#f*MA n, */Jv£ < 
(ft<D*e**ffi£:*:£<) -T-SJlttt. *y h:*7ttfie 

SSEIScOJtem*^ 30 

1 5 5 Onm&TK-f-Sfca. An.te-0. 4%£tT 

[0 0 8 4] jfeic. ±iE^nfcS»«t->7 h7r-f /W 
1iSn-&86#tt£bT, An,. An,. Ra (=2 a/ 

2 b) . Rtf2 bOlTSteHSHl 2 JC^T. &*5. U 
>^tt37«ljaoHSf^yD7r-f ;p*#r*»»->7 

3 7<Otta*T^MT»0. in,tt^5»; Fffl«C*fr 
Sl*JfflIa70ttH»r^T?»-5. f-f7"l/Xh? 40 

77f- »j>y«3 7«it©a«T^yp7T'f^*w-r 

7 h 7 y-f A<D«^. A n, ttftffl* 9 y HK 
^-r-5*HM=i70DttB»r^lgT*0. An.tiftM?? 

[0 0 8 5] 012 (a) 0>3^et>#*«i:5lC. -kizB 
<DK#tt£*§*;fc»cDrt<M:3 7<zm&2 a «t^-(Ma7© 

[0 0 8 6] 0. 4^Ra (=2a/2b) ^0. 8 
5/im^2b^l4um 50 



(=a/b) *0. 6, 37ffi«12 0^g2btf^ 

K221 <D^&2 c <h<Z)it (2 c/2 b) £ 
1. 5<hf<5>£, ttft 1 5 5 0 nmtC&^T, 

- 2. 19 
0. 0 6 9 
7 7. 2 
7. 0 
14 7 6 

•*• (2 0) 

■6. H12 (b) \Z7jkZtltztf7y\Z&^T, 
Stlfc««**rt«3 7©^tt2 atn«370»8 2 b 

WAtf, Ra (=2a/2b) Rtf2b©«^ (a)H 
1 2 (b) *(BAT*;5nfcfH«»;:*S»^ »mxp 
-^O«*«**<a:0t*, (WH12 (b) *cDBT 
san&WBK:***^ *»=i7WrH8IA.ii*<*:* 

<teom€%££h\zmm<k*>m*i^* W012 
(b) *<z>cT«*nfc««i;:»*»^ 

<a0tf» (d)EJ12 (b) *©D"CSSnfc«ttfc: 

[0 0 8 7] SD^T, ±i£oesig£<i*-fc* ^<D5tmz 

IJ^SK^^ftSfci (^77) a*, 
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[0 0 8 8] %w#e>tt. mfczntzztizxyr^rt 

— K7-C-JI/KS (MFD) ©BlfliSrSBgLfc. fc*5. 
01411 MFDW^f8ft?¥tt4^Ty7 7-C»0, 0 
151t v-f *D^>K£<fc*»fc©EI»tt?¥tt:£*-r 
^7 7T^. S 1 4lC^Snfc«fc-5JC «&##*&© 10 
S^CfiBt3 7ffi^*'i>i:WE(8f**0. 5 Aim- 2. 5 

^t^®^37»riE«A.„^LOO > MFD 
[0 0 8 9] -7J. 0 1 5lC^$n^«fc5lC ?D 

4n"= (n, 1 -n c ,d') / (2 n tld ' 
An'= (n.'-n,,, 1 ) / (2n«, 4 ' 
dClT, n,ttrt«3 7'©B«r*. n,ttrt«3 70nH 

<N>=<N,> + <N,> • E' 
CCT. <N,>:«»fl*fc#T*B!fr* 
<N,>: 3*0#«»»*K«f *#»»H«* 30 

E : Xn%M1a 

tt©te<N. > E © 2 *fCjt«SJ-r **tl)0# 

&0>ftT#A.&n«. »K. SB2JS©l£0t!:£&<N,> 

(#{£ : m' / V* ) tf*MM»B*r*&tfttns. 

[0 0 9 4] 017IJ. HI 6<D&\Z7jk2WtV>7)l' 
1 ©Bff mzfa 7 r -f Jl't 6«*lSllc»"3 fcft't 

H (L P 0 1 ) t 2 H (LP 40 

1 1) a^^nr^*. u->y;n&^2 tt>, 

Sn. B9rW±#UT^«. -73. 37t-& (ftflJs 
7) #jfittjeE^^7XlC7y**^ttl$nB»T^{£ 

[0 0 9 5] •y->7'JH©3t7T-f ATB. 1. 55<i 
m ( 1 . 5 5 um&&m<0+fc&& : 1 5 5 0 nm) © 
3t»C» UT, *©3l«>3 70rffifBA. , , *< 8 7 /t m* . M 50 



•5. V-f*D'<>KK:<fc*S*£#irt-5 
t. 3 7««*'C^e.«e^^* t S7ci^%(!l:S*T 
©£Rte«fcO*£VV£a<#*L^#. tH6ltt#5uin€ 

sg<fflic->7 h-r-s^i*. s^ioi^e— K-e©3fceato« 

[0 0 9 0] «±©C«fc*#*LT. £©&9!1;:«5# 

5 tfm~5Mm£l7RNr«J:5RM-3nTt>*. 

[0 0 9 1] 01 6lCim'J>y«jg©BSr^7" 
D7 7^;l'*Wt"S2 0©1r->7*.M::t?Vvr. 1. 5 5 

Mm (1 5 5 0 nm) ©3ttK*#T»*«l»tt*««Ufc 
ttX&C*?. H©«IC*Hr>T. A n" Bctf A 

n\ *n*n*5y K««K*fr*rt«37. *«3 

[0 0 9 2] 

) - (2 1) 

) - (2 2) 

jT*7 r n7r-f.n'©«£. ±B»t«Mf*n« l( tt*5 

[0 0 9 3] lnAT. SR*«t'©*Mt#B*r*N2tt« 

T©i-5»c3e«snT»^i4. -r&fc^. ^v^©tic*j 

UfcAbT. E©B»*<N>fc#T*««ifc©Sft* 
■•• (2 3) 

FDrtUl. 2umTS:0. ^©H2&3 7#rffi*tA 

.,, £wr-5«e#©}f7 7'r /\'©mfd*u 3 ^rngs 
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